O00 0D bhttp://www.cqvip.com 


A ot = W È 1997. 18 (3); 319—323 CN 53-1040/Q ISSN 0254-5853 


Zoological Research 


THE IMMUNOHISTOCHEMICAL STUDIES OF 
PROJECTIONS LINKING THE AUDITORY 
THALAMUS AND NEUROSE- 
CRETORY HYPOTHALAMUS 
IN THE BRAIN OF NON — SONGBIRD“ 


Zuo Mingxue 


(De parimenti of Biology, Beiing Normal University, Bering 100875) 


Abstract The connectivity between a region surrounding the thalamic auditory nuclei, 
the nucleus ovoidalis (Ov), and nucleus ventromedialis hypothalami (VMN) was explored in 
the ring doves by using a tracer, Biotinylated Dextran Amine (BDA) and 
mmmunohistochemisiry. The results revealed that the Ov surround, which we term the nucleus 
ovoidalis shell (Oy shell), contained met-enkephalin immunoreactive (ENK—ir) neurons sent 
2 projecuion directly into the VMN following an injection of BDA into the posterior Oy 
{Ovp) Since the pathways from Ov Shell to YMN and the terminal fields in entire VMN 
showed densely distributed ENK-1r, present data suggested that the immunoreactive 
perikarya within Ov shell might contribute to enkephalinergic—neuropil within VMN. 
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A recent study (Cheng ef al. . 1994) about the accessory auditory pathway, which 
coursed parallel to the classic auditory pathway and linked the nucleus intercollicularis 
{ICo) and the Ov shell, has been demonstrated in non~songbirds. The electrophysiolo— 
gical studies by Durand et al. (1992) identified that there was neural activity in response 
to acoustic stimulation in the Ov shell within this accessory auditory pathway. These stud- 
ies suggested that the accessory pathway was different from the classic auditory pathway 
in response to conspecific calls physiologically, anatomically and histochemically. Since 
the functions and projections of the accessory auditory pathway stil! are poorly 
understood. we explored the Ov shell in non-songbird ring dove (Streptopelia risoria) by 
using a tracer, Biotinylated Dextran Amine (BDA) and immunohistochemistry in these 
experiments in order to obtain further morphological evidences. 


“HRARA SES HHA 
AT 1996 E944 HEA, TE OH 30 A ET 


ay aot ce RRO 18 & 





1 Materials and Methods 


1.1 The BDA method for anterograde and retrograde tracing 

Nine ring doves of both sexes( 150-180 g) were used Tor BDA iracing in the experi- 
ments. Doves were anestheuzed with a mixture (0.25 ml/!00 g weight) of chloral 
hydrate(64.0 mg ` ml), sodium pentobarbital32.t mg mf}, and magnesium sulfate(13.7 
mg/ml) and positioned in a stereotaxic instrument (David Kopf Instrument). A solution 
of 3% BDA (Molecular Probe Co.) in sodium phosphate—buffered saline (pH 7.4) was 
applied into the following brain areas through glass micropipettes (tip diameter of 35-40 
umt by pressure injection: (1) Posterior Ov (Ove itn = OMAP: 0.7-0.9; ML: 0.5-0.7; DY: 
§.2-5.4), (2) Nucleus ventromedialis hvypothalami (VMN) (n=3)AP: 0.7-0.9; ML: 
0.2-0.4: DV: 8.2-8.5). Following 5-8 days survival, the birds were anesthetized with a 
lethal overdose of chloropent and perfused transcardially, first with PBS and subsequent- 
ly with 4°% paraformaldehyde in phosphate buffer (pH 7.4) for 15 min. The brains were 
removed and cut coronally or saggitally at 35 um on a freezing microtome using 
coordinates from the atlas of pigeon (Karten ef al. . 1967). The sections were collected 
and rinsed in phosphate buffered saline and then incubated overnight at 4C in the solu- 
uon of avidinbiotin—peroxidase complex (1:100) (Vector ABC Kit) for 12 h. Immu- 
noreactivity was visualized by staining section with nickel~enhanced diamino-— 
benzidine (Ni-DAB) according to the method described by Hsu er al. (£981). 
1.2 Immunostaining for met-ENK containing neurons, processes and varicosities 

Doves (n= 4) were anesthetized with chloropent and received an injection of 2-3 yl 
colchicine (45 g/L dH,O) into lateral ventricle with 5 pl Hamilton syringe. 
Approximately 24~48 h after colchicine infection, the animals were anesthetized with 
chloropent and perfused through the left veniricle of the beart with 0.9% saline, followed 
by 4% paraformaldehyde in PB at pH 7.4. The brains were removed and cut at 35-40 
pm on a freezing microtome. Sections were collected in normal goat serum containing 
0.3% Triton X-100 for 3 h at room temperature. Sections were incubated in a solution 
of rabbit anti-met~ENK antisera 1:2000 in PBS with 0.3% triton X—100 at 4C and gen- 
tly agitated for 48 h. Following several rinses in the PBS. the sections were incubated for 
l h in anti-rabbit goat IgG diluted 1:100 in PBS and then incubated for | h in rabbit 
peroxidase —antiperoxidase complex (rabbit~PAP, 1:100) (Insctar Corp., Stillwater. MN). 
Immunoreactivity was visualized with DAB enhanced with nickel-ammonium sulphate in 
40 ml 0.5 mol. L Tris-HCI: To test the specificity of the primary antisera used in this 
study, absorption control experiments were performed where the primary antiserum was 
preincubated with its own antigen, the synthetic peptides met-ENK ( 100 g antigen » L 
1:2000 antiserum, Immunonuclear Corp., Stillwater, MN), for 12 h prior to the initial tis- 
suc incubalion. tn sections incubated in this manner, no labeled neurons and processes 
were found. 
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2 Results 


2.1 BDA antrograde and retrograde tracing 
2.1.1. Efferent pathwuys of the posterior Ov In parasaggital section, the area that ex- 
tends immediately from posterior Ov was designated Ovp. The caudal border of Ovp was 
ili defined. Injection of BDA that filled many neurons within the Ovp (Plate I : 1} la 
belled a very dense varicose projection to the regions surrounding the Ov and formed a 
loose network of fibers and terminal specializations along the Ov mm (Plate [: 2). the 
Ov shell. Another group of intensity projection also was found in entire VMN by this in- 
jection (Plate I : 3). 
2.1.2 BDA retrograde tracing of the YMN Injection of BDA into the VMN (Plate I: 
4) sparsely labelled neurons along the pathway from Ov shell to VMN, Concentrating 
cell bodies were found in the ventral and ventromedial to Ov (Plate I :5). Also in the 
same section, a few ascending axons from YMN traveled along the lateral ventricular 
zone and passed by Ov entering the region dorsomedial to Ov (Fig. 1). 
2. 2  Immunohbistochemical localization of 
met—ENK containing neurons and processes 
Met—enkephalin immunoreactive 
{ENK~—ir) neurons were present in the Ovp 
largely in the ventral and medial portions 
of Ov shell (Plate I :6). Sparsely perilarya 
were found within the region surrounding 
the outer layer of Ov shell. The region 
from Ov shell stretching into the YMN was 
packed with highly arborized, varicose— 


immunoreactive processes (Plate I: 7). 





Oceationally, . ENK-1r—-perikarya were 
found sparsely in the ventral portion of 


VMN. Figure I The distributions of labelled cells 
and fibers from an injection of BDA into VMN 
3 Discussion are mapped schematically in the coronal section. 


The black dots stand for the BDA tabelled cells. 
A recent study by Cheng (1992) has ov n. ovoidalis, YMN: n ventromediahs bypothalamn 
shown that male dove courtship songs at- t nucleus rotundus 
tract females and stimulate ovarian develop- 
ment. The deafening of female ring doves that yocalize for extended period during 
courtship has been demonstrated to delay egg-laying (Cheng, 1992}. Both auditory and 
propnoceptive components af the female's performance of courtship vocalizations also 
have been found to enhance her gonadotropin levels (Cheng ef uf. 1988) In avian, a 


great number of neurons in the ICo are metenkephalin-immunoreactive, and among 
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neuropeptides and neurotransmitters under study, only met—enkephalin has the distribu- 
tion pattern of perikarya in the medial division of nucleus intercollicularis (mICo) and ter- 
minal-like processes in the hypothalamus (Van Vugt ert al. 1989). These observations 
suggested that bird might possess direct thalamic auditory pathways to the hypothalamus 
and form the acoustic link of the vocalacoustic-endocrine circuity, and implied that the 
enkephalinergic pathways from Ov shell to the ventromedial hypothalamus might play a 
key role in the control of reproductive behavior in the birds. In the experiments, we for 
the first time found that injection of BDA thar filled cells in the Ovp labeled massive 
efferent projections into the VMN and Ov shell, where ENK-—ir—perikarya and fibers 
wore found. Since VMN was demonstrated to be an important region associated with re- 
productive behavior and secretion of gonadotrophic hormones (Bernstein ef al ., 1993), 
we propose that there is a direct pathway between auditory regions and secretory 
hypothalamus in the birds. [t is worth noting that neurons containing estrogen receptors 
are present in the [Co. Ov shell and hypothulamus but are virtually absent in the classic 
auditory pathways from nucleus mesencephalicus lateralis, pars dorsalis (MLd) to Ov in 
the birds (Arnold et al.. 1976; Balthazart er al.. 1989). Some of these estrogen receptors 
could be found within enkephalin- immunoreactive neurons, and facilitate enkephahn ac- 
tuons (Martinez—Vargaset ul., 1976: Zuo, 1996}. These data suggest that a direct axonal 
projection from Ov shell to VMN where numerous terminal specializations of enkephalin 
have been observed may be enkephalinergic pathway. The characterization and 
connectivity of pathways from auditory thalamus to endocrine hypothalamus can be fur- 
ther revealed by using electrophysiology and double labeling studies of the anterograde 
tracers with met—ENK. 


Explanation of Plate l 
L Photomicrograph of coronal secuon depicting the BDA imction site with labeled cells larrow) in Ovp D, dorsal: 
M, medial Bar = 300 am. 
2—3. Photomicrographs of saggutal secuon showing the labelled fibers larrow) surround Ov {Plate I : 21 and BDA 
terminal field m VMN (Plate [ : 31 following an injection of BDA inte Ovp. D, dorsal: A, anterior Bar = 
500 um 
4—5. Photomicrographs of the coronal secuon showing the labelled cells farrow) in the region ventrol to Ov (Plate 
I 5) following an mgcton of BDA into the VMN (Plate |. 4) Bar = 500 um in 4 and 300 um in 5. 
6—7. Photumicrographs of coronal sections showing the met-cnkepbahn—hke immunoreactive penikarya (arrow! in 
the Ov shell (Plate l 6} and fibers (arrow) in the VMN (Plate [ :7} Y. ventriculus. Bar = 300 um in Plate |: 
o and 100 am in Plate J 
The rgbt and top way of the coronal sections, for all photomicrographs ercept that m phate [ : 2, 7, 1s 
medial and dorsal purtion of the brain respecuvely, 
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Zuo Mingxue : The immunohistochemical studies of projections linking the 
auditory thalamus and neurosecretory hypothalamus in the brain of non-songbird UAK I 
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